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Atmospheric deposition as a possible source  
of surface water pollution
(Preliminary results of the project, part 1 – heavy metals)
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SUMMARY

Concentrations of selected heavy metals in collected atmospheric precipita-
tion and surface water were monitored at pilot sites in the Jizera Mountains, 
Moravian-Silesian Beskydy Mountains, and Bohemian-Moravian Uplands 
(Czechia) over the course of one year to determine the significance of the impact 
of precipitation on surface water quality in an otherwise relatively low anthro-
pogenically influenced environment. The measurements show that, for some 
metals, atmospheric deposition in heavily loaded areas can cause significant 
inputs to surface water. The resulting balance of substance load is  strongly 
influenced by the environment and its load in the past.

INTRODUCTION

The Water Framework Directive (2000/60/EC) [1] requires EU member states 
to assess the state of groundwater and surface water in regular six-year cycles. 
In cases of failure to achieve good chemical and/or ecological status, it is nec-
essary to determine the fundamental influences causing this situation and pro-
pose measures for its improvement. The assessment of the state of surface water 
bodies, which has been carried out in the Czech Republic since 2009 in accord-
ance with Czech legislation in three-year cycles, repeatedly shows a high propor-
tion of water bodies not achieving good chemical status in the case of certain 
priority substances according to Government Regulation No. 401/2015 Coll., and 
good ecological status in the case of some specific hazardous substances [2, 3]. 
Failure to achieve good status for some groups of substances is also recorded 
in water bodies where most of the potential anthropogenic influences can be 
excluded, and for which the possible main influence is the transfer of pollution 
to the aquatic environment from the air through atmospheric deposition. These 
groups mainly include heavy metals and polycyclic aromatic hydrocarbons 
(PAHs).

The TA CR project SS01010231 “Dopady atmosférické depozice na vodní pros-
tředí se zohledněním klimatických podmínek (Impacts of atmospheric deposition 
on  the  aquatic environment with consideration of climatic conditions)” deals with 
this topic. The project builds on the methodology [4] which, among other things, 
based on available data, proposes procedures for assessing the danger for sur-
face water bodies from the point of view of atmospheric deposition. The main 
problem with this part of the methodology was the unavailability of current 
and comprehensive data, as well as unverified procedures for their use. The aim 

of the project is to at least partially supplement these missing data and procedures.  
Part of the project solution is the quantification of pollution in various environ-
mental components using field monitoring in selected pilot forest catchments. 
The aim of this activity is to verify the extent to which individual substances can 
affect the situation in the real environment, and to identify other factors increas-
ing the risk of contamination entering the aquatic environment.

Due to the breadth of the topic and the number of results, it was not possible 
to process all the findings in one contribution. This article presents the results 
of the representation of selected heavy metals in the matrices of surface water 
and precipitation water, which were collected as throughfall and bulk deposi-
tion. Additional separate articles will deal with PAHs, a more detailed assess-
ment of the relationships between the load of individual environmental com-
ponents, and the use of biological materials as an indicator of anthropogenic 
influences.

HEAVY METALS IN THE ENVIRONMENT

Due to their toxic effects, heavy metals represent a significant source of sur-
face water pollution [5–7]. There are three decisive properties for determining 
the environmental hazard of metals: resistance, bioaccumulation, and toxicity. 
Heavy metals that are both persistent and bioaccumulative are more danger-
ous because they can accumulate in organisms and be transported from one 
environment to another [8]. Metals that occur most often in surface water and 
pose a risk to the environment are in particular: mercury (Hg), lead (Pb), cadmium 
(Cd), nickel (Ni), and arsenic (As), [9, 10]. In addition to natural causes, anthropo-
genic activities are also responsible for their occurrence in the environment, 
especially the burning of fossil fuels, industrial activities (metallurgy, surface treat-
ment of metals and enamelling), the use of paints and pigments, and agriculture 
[11, 12]. Through emissions, heavy metals enter the atmosphere and from the air 
they subsequently deposit into water and soil [13]. Metal compounds occur 
in the atmosphere in the form of particles that are sorbed onto aerosol particles. 
The amount of metals in the aerosol varies throughout the year [14]. Other factors 
that influence the amount of metals in the atmosphere are: meteorological con-
ditions, site location, possibilities of long-distance transport, and amount of emis-
sions [15]. Long-distance transport of particles can take place in the atmosphere 
due to air masses, therefore high levels of heavy metal pollution can be found 
even in places without a direct source of pollution [16, 17]. From the atmosphere, 
heavy metals are transported to the Earth’s surface by deposition, which is driven 
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by gravity and can occur through two mechanisms: dry and wet deposition.  
Dry deposition is slower and does not depend on precipitation, while wet depo-
sition is faster and is affected by the amount of precipitation and the rate of cap-
ture of particles on the droplet surface [18].

METHODS USED

As part of the project, substances that cause poor water quality and at the same 
time are expected to be significantly transmitted through the air were exam-
ined and evaluated. Thus, the heavy metals As, Cd, Hg, Ni, and Pb were 
selected. From the point of view of the categorization of substances harmful 
to the aquatic environment, it should be mentioned that As is a specific pollut-
ant, the other metals addressed in the project are priority substances, and Cd 
and Hg are priority dangerous substances.

To compare the presence of selected elements in different components 
of  the environment, sampling of the following matrices was carried out 
in the model catchments:

	— bulk deposition (monthly*),
	— throughfall deposition (monthly*),
	— surface water (monthly),
	— river sediment (twice during the year),
	— humus – a biologically stable humification layer (H, Oh horizon), after removal 

of litter layer (Ol) and fermentation horizon (Of) in the overburden  
(1x – samples represent a longer period of time),

	— moss (1x – samples represent a longer period).
 

Note*: To determine the pollutants of interest in atmospheric deposition, it was 
necessary to obtain a sufficient volume of samples. In cases of insufficient rain-
fall, samples were taken after two months of exposure.

In water matrices, the total concentration of As, Cd, Hg, Ni, and Pb was deter-
mined by mass spectrometry and AAS-Hg methods. Spot samples of surface 
water were evaluated in the first part of the project by the ETA-AAS method 
for metals and AMA 254 for Hg. This is also the reason for higher detection limits 
for some of the results (for surface water in the first six months of monitoring).

For the project, model forest micro-catchments were selected, which were 
suitable for the monitoring of all the above-mentioned matrices and where, 
apart from the influence of the actual atmospheric deposition, other anthropo-
genic sources of pollution were not present.
The following catchments were selected as pilot areas:

	— The area east of the Ostrava and Třinec agglomerations, which due to the pre-
vailing air flow is heavily loaded with PAHs and heavy metals from the local 
power stations and industry, but at the same time it is a mountainous and 
forested area with no direct discharges into the watercourse. The model 
upper part of the Suchý stream basin in the eastern part of the cadastral ter-
ritory of Bystřice has an area of 0.462 km2 up to the sampling point. Suchý 

Fig. 2. Precipitation sampling in Bystřice pilot area

Fig. 1. Location of pilot areas
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Fig. 4. Bulk precipitation sampling at Košetice pilot site (left: 6 November 2020, right: 7 January 2021)

stream is part of the catchment area of the HOD_750 – Hluchová water body 
from the source to the mouth of Olše, which in the third planning cycle 
does not reach good status due to the presence of PAHs. No other violations 
of Environmental Quality Standard (EQS) were detected. In the resulting tables, 
the catchment area is labelled Bystřice (BY), based on the nearest municipality.

	— The area of the Bohemian-Moravian Highlands, which is considered to be 
an area with clean air, mainly influenced only by local heaters. In addition, 
areas with significant logging are currently expanding in this site after the bark 
beetle outbreak. It is therefore possible to monitor how deforestation and log-
ging contribute to the leaching of hazardous substances. In contrast, it was 
necessary to avoid places with current and past mining of mineral resources. 
The model basin of the Lesní stream, a tributary of the Anenský stream 
on the north-eastern edge of the cadastral area of the Košetice municipality 
and the nearby meteorological station of the same name, has an area  
of 0.292 km2 up to the sampling point. The stream is part of the catchment 
area of the DVL_0440 Martinický stream water body, which achieved good 
chemical status in the second and third cycles and EQS for selected sub-
stances were not exceeded. In the resulting tables, the catchment area is 
labelled Košetice (KO), based on the nearest municipality.

The area of the Jizera Mountains, which in the past was particularly affected 
by emissions of Cd and other metals from the nearby glass industry, and pos-
sibly from coal-fired power stations on the Polish side of the Jizera Mountains 
(in recent years, however, the air quality has improved). The model catchment 
of the Hřebový (sometimes also Hřebenový) stream, which is a left-hand tribu-
tary of the Souš reservoir in the municipality of Desná and Kořenov, has an area 
of  1,029 km2 up to the sampling point. The stream is located in the catchment 
of the HSL_1896_J – Souš reservoir water body on the Černá Desná stream, which 
in the second planning cycle did not reach good chemical status due to exceed-
ing EQS for Cd, and was not classified in the third cycle. In the resulting tables, 
the catchment area is labelled Desná (DE), based on the nearest municipality.

In these sites, rain gauges were placed near the watercourse, and a mixed 
sample of precipitation (collected over the entire period of one or two months) 
was always taken at the end of the given period. For the throughfall exposure, 

conifers (spruce in all three locations) were chosen because precipitation was 
also collected in winter. In the snow-free period, the upper part of the rain 
gauges was equipped with a protective net, so that the coarse solid particles 
and insects did not get into the collected water phase. The volume of collected 
precipitation was measured. Each collection campaign was photographically 
documented. Together with the precipitation collection, point sampling of sur-
face water from the watercourse was carried out near the rain gauge station. 
The installation of rain gauges for the first sampling campaign took place 
on 6 October 2020 (BY), 7 October 2020 (KO), and 8 October 2020 (DE).

Data on the amount of precipitation obtained from the Czech Hydrometeorolo
gical Institute (CHMI) and confirmed by the actual measurements in the sites were 
attached to the individual campaigns. The flow rate in the watercourse at the time 

Fig. 3. Hřebový stream in Desná
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of sampling was estimated, by analogy with the flow rates at the nearest CHMI 
gauging stations. The ratio of the flow rate at the observed point of the experi-
mental site and at the nearest gauging station was equal to the ratio of the area 
of the point catchments. The exception was the site in Košetice, where data was 
taken from regular measurements carried out by CHMI.

Based on the amount of precipitation and the detected concentrations of mon-
itored pollution parameters in precipitation, an estimate of the total deposition 
for the given experimental basin was calculated according to the following formula:

			 

where	 RS	 is	 annual deposition in the given catchment
	 Sx		  amount of precipitation in the given month per 	

			   area of the catchment 
	 Cx		  concentration of the pollutant in the throughfall 	

			   sample of the given month

An estimate of the annual substance load of watercourses for a given pol-
lutant was calculated on the basis of the calculated flow rate and the detected 
concentrations according to the following formula:

			 

where	 LOD	 is	 substance load
	 Qx		  instantaneous flow rate at the time of withdrawal
	 Cx		  concentration of the substance in the point sample
	 d		  length of the period to which the value refers,  

			   in this case one month

Values below the limit of determination were not included in the average; 
for the purpose of calculating the substance load, instead of concentrations 
below the limit of determination, the average of actually measured values was 

used if this was lower than the limit of determination, and the limit of deter-
mination if the average of the other values was higher. The usual procedure 
of  using half the limit of determination was not used because comparison 
of  the results of both methods of determination shows a large relative error 
of this procedure.

RESULTS

Due to the different properties of the monitored substances, the results for each 
metal are presented separately. For informational purposes, the limit of good sur-
face water status based on Directive 39/2013/EU [19] in the case of priority sub-
stances Ni, Cd, Pb, and Hg and from the methodology for evaluating the ecological 
status of surface waters [20] in the case of As is given for comparison. The EQS value 
means, as already mentioned, the Environmental Quality Standard, AA EQS value 
the annual average and the MAC EQS value the maximum acceptable concentra-
tion. The number of surface water bodies for which the limit for good status was 
exceeded during the evaluation for the second and third basin plans is also given. 
The total number of surface water bodies is 1 121 and 1 118 in the second and third 
planning cycles, respectively. The number of non-compliant water bodies indi-
cates the importance of the substance from the point of view of the assessment 
of the surface water status. Significant differences between the evaluation in the 
second and third cycles for Ni and Pb are caused, among other things, by changes 
in evaluation methodologies, i.e. the use of determining the bioavailability of metals 
in the evaluation of the chemical status for the third planning cycle. Methodologies 
and results of status evaluation are discussed in more detail in [3]. In Tab. 2–6, val-
ues that are higher than the values of EQS for good surface water status are marked 
in red. Simultaneously, it must be emphasized that the EQS in the case of Ni, Cd, 
and Hg are set for the dissolved form of metals, while their total concentration was 
monitored as part of the project, the marking of values above EQS is therefore only 
indicative. The average annual value is compared with the value of AA EQS, meas-
urements in individual months with the value of MAC EQS.

Campaign Date Precipitation [mm] Flow rate [m3.s-1]

DE, BY KO BY DE KO BY DE KO

1 5. 11. 2020 6. 11. 2020 0190.8 0176.6 055.9 0.19 0.021 0.0008

2 7. 12. 2020 8. 12. 2020 0022 0035.1 009.2 0.003 0.033 0.0005

3 6. 1. 2021 7. 1. 2021 0051 0058.7 027.1 0.007 0.009 0.0004

4 5. 2. 2021 6. 2. 2021 0122.2 0124.3 065.1 0.018 0.118 0.0024

5 5. 3. 2021 8. 3. 2021 0090.1 0024.8 010 0.017 0.201 0.0014

6 6. 4. 2021 7. 4. 2021 0089.6 0073.9 021.2 0.012 0.026 0.0008

7 6. 5. 2021 7. 5. 2021 0151.8 0089.1 042.2 0.008 0.096 0.0008

8 7. 6. 2021 8. 6. 2021 0179.2 0088 086.8 0.005 0.182 0.0008

9 7. 7. 2021 8. 7. 2021 0075.5 0100.6 069.1 0.001 0.014 0.0015

10 6. 8. 2021 9. 8. 2021 0192.1 0164.2 126.9 0.001 0.016 0.001

11 6. 9. 2021 7. 9. 2021 0224.8 0144.6 019.9 0.017 0.011 0.0004

12 6. 10. 2021 7. 10. 2021 0083.2 0074.4 031.9 0.025 0.066 0.0004

Total precipitation [mm] - - 1,472.3 1,154.3 565.3 - - -

Average flow rate [m3.s-1] - - - - - 0.025 0.066 0.0009

Tab. 1. Monthly precipitation amounts and flow rates at the time of measurement at individual sites
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Pb [µg.l-1] Bystřice Desná Košetice

Campaign flow bulk throughfall flow bulk throughfall flow bulk throughfall

1 1.11 0.584 1.503 < 1.0 0.153 0.991 < 1.0 0.775 0.307

2 < 1.0 1.712 2.094 < 1.0 0.237 1.388 < 1.0       -       -

3 < 1.0 0.828 2.627 < 1.0 0.398 1.702 4.85 0.315 0.381

4 < 1.0 1.832 1.893 < 1.0 0.506 0.913 2.74 0.688 0.695

5 < 1.0 2.33 4.35 < 1.0 0.376 1.22 < 1       -       -

6 < 1.0 1.839 4.711 < 1.0 0.525 2.846 < 1 0.584 0.640

7 < 1.0 0.620 2.302 1.63 0.292 1.764 1.87 0.591 1.141

8 1.934 0.555 2.020 0.664 0.252 2.819 0.501 0.374 0.865

9 0.114 0.745 2.959 1.098 0.285 1.899 0.509 0.136 0.319

10 1.85 0.692 6.11 2.41 0.194 1.39 0.528 0.154 0.632

11 0.512 0.495 0.841 1.03 0.152 1.59 1.38 0.725 0.272

12 0.013 0.065 0.076 1.434 0.194 0.868 0.059 0.083 0.136

Average 0.922 1.025 2.624 1.378 0.297 1.616 1.554 0.444 0.534

Tab. 2. Lead concentrations in surface and precipitation water

Ni [µg.l-1] Bystřice Desná Košetice

Campaign flow bulk throughfall flow bulk throughfall flow bulk throughfall

1 < 2.0 0.562 2.808 < 2.0 0.032 0.474 5.59 0.933 0.972

2 < 2.0 0.217 1.334 < 2.0 0.117 1.187 2.7 - -

3 < 2.0 0.0789 0.0861 < 2.0 0.0861 1.2917 12.2 0.1461 0.9165

4 < 2.0 0.180 0.537 < 2.0 0.223 0.286 7.41 0.376 0.668

5 < 2.0 0.249 1.625 < 2.0 0.132 0.781 8.09 - -

6 < 2.0 0.262 1.105 < 2.0 0.467 1.682 5.19 0.911 0.723

7 < 2.0 0.269 0.560 < 2.0 0.141 0.610 4.1 0.306 1.243

8 1.04 0.184 0.560 0.342 0.493 2.814 6.77 0.197 0.905

9 0.536 0.344 1.053 0.333 0.180 1.704 7.63 0.353 0.852

10 0.822 0.294 0.825 0.570 0.169 0.999 6.653 0.215 0.993

11 0.238 0.067 0.371 0.346 0.055 1.142 8.624 1.469 1.455

12 0.207 0.086 0.201 0.271 0.157 1.522 4.156 0.347 1.696

Average 0.569 0.233 0.922 0.372 0.188 1.208 6.593 0.526 1.005

Tab. 3. Nickel concentrations in surface and precipitation water
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Tab. 4. Arsenic concentrations in surface and precipitation water

Tab. 5. Cadmium concentrations in surface and precipitation water (the colour marking of values above EQS is based on the limit for hardness class 1, i.e. soft to very soft water)

Cd [µg.l-1] Bystřice Desná Košetice

Campaign flow bulk throughfall flow bulk throughfall flow bulk throughfall

1 < 0.1 0.035 0.0467 0.23 0.033 0.072 < 0.1 0.045 0.035

2 < 0.1 0.088 0.208 0.23 0.027 0.344 < 0.1 - -

3 < 0.1 0.021 0.268 < 0.1 0.025 0.477 < 0.1 0.019 0.025

4 < 0.1 0.045 0.135 0.21 0.041 0.107 < 0.1 0.049 0.047

5 < 0.1 0.121 0.504 0.19 0.033 0.170 - - -

6 < 0.1 0.235 0.712 0.2 0.033 0.204 < 0.1 0.081 0.036

7 < 0.1 0.073 0.200 0.16 0.020 0.251 < 0.1 0.075 0.113

8 0.108 0.039 0.113 0.103 0.026 0.300 0.037 0.026 0.046

9 0.034 0.050 0.194 0.107 0.021 0.202 0.041 0.072 0.040

10 0.091 0.105 0.134 0.272 0.041 0.110 0.036 0.095 0.059

11 0.037 0.048 0.023 0.122 0.010 0.129 0.038 0.039 0.014

12 0.056 0.0679 0.012 0.256 0.018 0.129 0.020 0.0164 0.027

Average 0.065 0.077 0.213 0.189 0.027 0.208 0.034 0.051 0.042

As [µg.l-1] Bystřice Desná Košetice

Campaign flow bulk throughfall flow bulk throughfall flow bulk throughfall

1 < 1.0 0.107 0.218 < 1.0 0.085 0.371 < 1.0 0.122 0.205

2 < 1.0 0.322 0.705 < 1.0 0.082 0.715 1.1 - -

3 < 1.0 0.119 0.487 < 1.0 0.092 1.958 1.29 0.104 0.098

4 < 1.0 0.319 0.455 1.03 0.191 0.313 < 1.0 0.124 0.165

5 < 1.0 0.449 0.888 1.03 0.210 0.352 < 1.0 - -

6 < 1.0 0.457 1.077 < 1.0 0.228 0.758 < 1.0 1.033 0.385

7 < 1.0 0.173 0.422 1.02 0.078 0.425 < 1.0 0.185 0.410

8 0.265 0.166 0.318 0.701 0.108 0.863 0.425 0.111 0.210

9 0.212 0.121 0.605 1.075 0.089 0.931 0.491 0.081 0.150

10 0.301 0.109 0.308 1.597 0.058 0.376 0.476 0.050 0.129

11 0.194 0.046 0.141 0.821 0.034 0.551 0.585 0.102 0.224

12 0.393 0.113 0.136 1.089 0.067 0.530 0.377 0.089 0.328

Průměr 0.273 0.208 0.480 1.045 0.110 0.678 0.607 0.262 0.232
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[mg.kg-1] Stream sediment Moss Humus

  BY DE KO BY DE KO BY DE KO

As 06.07 17.00 10.82 0.19 0.15 0.14 008.35 10.53 05.86

Cd 00.66 00.30 00.59 0.74 0.28 0.13 001.23 00.80 00.37

Hg < 0.2 < 0.2 < 0.2 0.05 0.03 0.03 000.39 00.37 00.37

Ni 16.05 08.21 62.33 0.85 0.83 0.98 008.72 07.65 07.41

Pb 30.25 42.50 29.77 8.39 2.56 1.48 127.00 74.87 45.07

Hg [µg/l] Bystřice Desná Košetice

Campaign flow bulk throughfall flow bulk throughfall flow bulk throughfall

1 < 0.05 < 0.006 < 0.006 < 0.05 < 0.006 < 0.006 < 0.05 0 0.175 0 0.036

2 < 0.05 0 0.153 0 0.23 < 0.05 000.29 0 0.305 < 0.05   -   -

3 < 0.05 < 0.006 0 0.04 < 0.05 < 0.006 0 0.07 < 0.05 < 0.006 < 0.006

4 < 0.05 < 0.006 < 0.006 < 0.05 < 0.006 < 0.006 < 0.05 < 0.006 < 0.006

5 < 0.05 280 027.5 < 0.05 015 013.8 < 0.05   -   -

6 < 0.05 < 0.006 < 0.006 < 0.05 < 0.006 < 0.006 < 0.05 0 0.35 < 0.006

7 < 0.05 < 0.006 < 0.006 < 0.05 < 0.006 < 0.006 < 0.05 < 0.006 < 0.006

8 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006

9 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006

10 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006

11 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006 < 0.006

12 < 0.006 < 0.006 < 0.006 0 0.067 000.087 < 0.006 < 0.006 < 0.006 < 0.006

Tab. 6. Mercury concentrations in surface and precipitation water

Tab. 7. Indicative comparison of concentrations of selected metals in other monitored matrices

Lead

The main source of Pb in water is primarily industry, and previously also trans-
port, while a significant means of its penetration into the aquatic environment 
is transmission through the air. After the ban on the use of leaded fuels in 2001, 
Pb also enters the water through leaching from contaminated soil.

Limits of good status for surface waters: AA EQS = 1.2 µg.l-1, MAC EQS = 14 µg.l-1.
Number of surface water bodies not meeting EQS in the Czech Republic in the 
second/third planning cycle: 43/4.

Nickel

Ni occurs naturally in the Earth’s crust and is also present in soil. It can be 
emitted by volcanic activity. In industry, it is often used in the manufacture 
of batteries, in metallurgy and in the manufacture of electronics. Ni is mainly 
found in the air as a result of the burning of fossil fuels. It gets into the water 
mainly by leaching from rocks and sediments.

Limits of good status for surface waters: AA EQS = 4 µg.l-1, MAC EQS = 34 µg.l-1. 
Number of surface water bodies not meeting EQS in the Czech Republic in the sec-
ond/third planning cycle: 175/5.

Arsenic

As occurs naturally in the earth’s crust, it can also be present in ore deposits of coal. 
It can get into water from mine waters, and into the air by burning some types of coal.

Limit of good status for surface waters: AA EQS = 11 µg.l-1.Number of surface water 
bodies not meeting EQS in the Czech Republic in the second/third planning cycle: 8/13.

Cadmium

Cd is a relatively rare element in nature. It can enter the atmosphere through 
volcanic activity, during fires, or with dust particles during wind ero-
sion and  the  burning of fossil fuels. In industry, it is used to a limited extent 
in  the  production of batteries, ceramics, electronics, and textile products.  
It enters surface waters mainly as part of industrial discharges and waters from 
the mining of non-ferrous metals or by transfer from the air.

Limits of good status for surface water depending on its hardness classes: 
AA  EQS = ≤ 0.08 (class 1), 0.08 (class 2), 0.09 (class 3), 0.15 (class 4), 0.25 (class 5), 
MAC EQS = ≤ 0.45 (class 1), 0.45 (class 2), 0.6 (class 3), 0.9 (class 4), and 1.5 (class 5) µg.l-1.

Number of surface water bodies not meeting EQS in the Czech Republic 
in the second/third planning cycle: 56/26.
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Substance As Pb Cd Ni

 Site BY DE KO BY DE KO BY DE KO BY DE KO

Atmospheric  
deposition [g.year-1]

269 0718 034 1,763 1,849 097 116 207 08 0 649 1,334 161

Atmospheric depo-
sition per area unit 
[g.km-2. year-1]

583 0697 115 3,817 1,797 331 250 201 27 1,404 1,296 553

CHMI 2020 total 
deposition  
[Ni only bulk]

- - - 600–1,300 600–1,000 100–400 55–70 200–400 15–35 1,000–1,500 3,000–5,000 750–1,000

Substance load  
[g/year]

219 1,982 017 0752 2,191 040 050 364 01 0 417 0739 195

Substance load 
per area unit  
[g.km-2year-1]

474 1,926 057 1,628 2,129 138 108 354 03 0 903 0718 667

Ratio of load  
and deposition [%]

081 0276 049 00 43 0 118 042 043 176 13 00 64 0055 121

Tab. 8. Calculation of atmospheric deposition and substance load in pilot areas
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Fig. 5. Calculation of atmospheric deposition and substance load per area unit
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Mercury

Hg occurs naturally in rocks and soils. From a global perspective, the increased Hg 
content of the recent zone reflects recent and past tectonic and volcanic activity.

An increased concentration of Hg in natural waters is usually the result 
of anthropogenic pollution. Hg compounds can be contained in waste water 
from some types of industrial production, it can get into the air by burning fos-
sil fuels and by wind drift during surface mining.

Hg has a high accumulation potential, especially in sediments and in aquatic 
flora and fauna.

Limit of good status for surface water: MAC EQS = 0.07 µg.l-1.
The number of surface water bodies not meeting EQS in the Czech Republic 

in the second/third planning cycle: 75/95.
Tab. 7 shows a comparison of the values measured in the other monitored 

matrices. These are average values from two to three measurements in the case 
of stream sediment and from three sites in each catchment in the case of moss 
and humus. The methodology and more detailed results will be published 
in the following article; however, even the summary data indicate an increased 
deposition level for Pb and Cd in the industrial sites of Desná and Bystřice, and, 
in contrast, a relatively uniform level of deposition for Ni, As, and Hg.

Tab. 8 and Fig. 5 provide an overview of the calculated atmospheric deposition 
and substance load, both absolutely and relatively per area unit in the experi-
mental sites, and compare them with the values reported by CHMI [21].

The comparison of the calculated relative values shows that the highest 
values of both deposition and substance load are achieved by concentrations 
of Pb or Ni, while the lowest values were confirmed for Cd.

The order of concentrations of individual substances in relative atmos-
pheric deposition is Pb > Ni > As > Cd, with the exception of Košetice, where 
Ni is in first place (Ni > Pb > As > Cd). The order of magnitude of the substance 
load varies in each site; the lowest values remain common in the case of Cd. 
Košetice Ni >> Pb > As >> Cd 
Desná Pb > As > Ni > Cd 
Bystřice Pb > Ni > As > Cd

DISCUSSION

The measurements carried out confirm that, in the case of some metals, precipi-
tation pollution is comparable to surface water pollution. In the case of metals, 
no significant seasonality was noted for the pollution of precipitation and sur-
face water. It should be noted that for surface water the result  is  affected by 
the high limit of determination in the first half of annual monitoring. The calcu-
lated atmospheric deposition is comparable to the calculated substance load 
in the given basin, although both calculations are burdened with a considerable 
degree of uncertainty. As expected, higher substance load than deposition was 
recorded at the Desná site, where a higher load of selected metals in the past is 
assumed. Closer connections will be possible to evaluate with the involvement 
of evaluation of other monitored matrices in experimental sites.

Specific assessments for individual metals:

Lead

Pb concentrations are decreasing in the long term [22], both in the air and in surface 
water. The calculated atmospheric deposition can be compared with the values 
determined within other projects, e.g. [7] reports deposition of 5.8 or 9.3 kg.km-2.
year-1 in two sites in Krkonoše mountains. By comparison with the value of the cal-
culated deposition at the Desná site of 1 797 kg.km-2.year-1, this indicates that there 
has been a significant reduction in Pb deposition in the past 17 years.

The Pb concentration in precipitation is comparable to its concentra-
tion in  surface water, but it can be even higher in sites affected by industry 
(especially metallurgical processing of non-ferrous metals). The concentra-
tions in throughfall precipitation alone can then reach EQS levels, which would 
pose a risk in  the  case of an impact on water surface or in the case where 
precipitation waters are discharged into surface waters without interaction 
with the environment, if it were a dissolved form of Pb in precipitation water.

The calculated deposition corresponds to the values reported by CHMI for 
2020 in the Košetice site; in other sites it is higher, which may be due to local 
conditions (e.g. in the Bystřice site, a particularly exposed site was chosen; CHMI, 
on the other hand, works with a modelled network with a step of 1 km), or with 
a time shift (CHMI year 2020, measurement within the project 10/2020–9/2021).

Nickel

Increased concentrations of Ni in precipitation were not detected in the moni-
tored sites. In the pilot basin of Košetice, higher Ni concentrations were detec-
ted in surface water; significant input of Ni to the site from precipitation was 
not confirmed. It can therefore be assumed that surface water pollution 
in the Košetice site comes from a different source than the current atmosphe-
ric deposition, which is also consistent with the evaluation of other matrices.

The calculated deposition corresponds to the values given by CHMI 
in the Bystřice site; in the Desná and Košetice sites the values calculated from 
the data obtained as part of the project were lower.

Arsenic

Precipitation values in all sites including those affected by coal mining and bur-
ning are higher, but well below the EQS value for surface water. The highest 
values in surface water were recorded at Desná, where a higher load can be 
assumed in the past.

Cadmium

As expected, the lowest concentrations in both precipitation and surface water 
were measured in the lightly loaded Košetice basin, which served as a reference 
site for the other two. Higher concentrations in precipitation were measured 
in Bystřice and Desná, i.e. sites affected by industry and coal burning. These 
detected concentrations are higher than the EQS values for surface water, if we 
do not consider the limit values determined for the highest hardness class 
and the validity of the EQS values for the dissolved form of cadmium. While 
in the Bystřice site, the highest deposition was recorded, but lower substance 
load, in Desná, the substance load by the Hřebový stream was, on the con-
trary, higher. The cause is probably a higher load of cadmium in the given area 
in the past from nearby sources of air pollution (glass industry) with the accu-
mulation of this pollution in the upper soil layers.

The calculated deposition corresponds to the values reported by CHMI, with 
the exception of the Bystřice site, where it is significantly higher.

Mercury

Due to the frequent values below the detection limit, it was not possible 
to  determine the atmospheric deposition and substance load. Hg occurred 
in the surface water of the model areas only once (Desná) in a concentration 
just below the EQS limit. In the precipitation, we could observe two episodes 
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when Hg was measurable, even in several sites simultaneously. The  cam-
paign at the beginning of November 2020 ended with a question mark when 
there was an increased concentration of Hg in the Košetice site. In the other 
two areas, increased concentrations did not occur until the December cam-
paign; however, we must consider that the campaigns in Košetice were always 
concluded one day later than in the other two sites. In the March campaign, 
on  the  other hand, increased Hg concentrations in Košetice occurred later 
and at lower values; however, due to the lack of precipitation, this is a sample 
taken after a two-month exposure. These increased concentrations of Hg are 
correlated with the passage of dust from the Sahara Desert through the territory 
of the Czech Republic, while it is confirmed in literature [23] that areas regularly 
exposed to these phenomena are also more loaded with Hg. The occurrence 
of Hg in surface water is sporadic. Nevertheless, due to its high bioaccumula-
tion potential, it is significantly represented in biota, accompanied by the failure 
to achieve good chemical status of surface waters. However, this problem is not 
specific only to the Czech Republic; due to the physical-chemical properties 
of Hg and its behaviour in the environment, it is a worldwide issue.

CONCLUSION

The project confirmed that air pollution can have a significant effect on surface 
water quality through atmospheric deposition. Environmental characteristics, 
including historical deposition, also play a significant role. This risk is particularly 
evident for Pb and Cd. In the case of As and Ni, on the other hand, atmospheric 
deposition does not appear to pose a threat to surface water quality in the selec-
ted sites. Hg is characterized by special properties which, in addition to requiring 
more complex laboratory processing, also shows much more significant fluctua-
tions in values. In precipitation in particular, the amount of Hg can change signifi-
cantly, apparently also in connection with distant external influences.

We will provide a more detailed description of the representation of met-
als in  the  monitored matrices within the framework of this project and the links 
between the  pollution of individual components of the environment in one 
of the following articles. All outputs to date are available on the project website [24].
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